Résumé -Nous étudions les excitations de bas niveau d'un polymère linéaire conjugué diatomique.
_4
We have extended the soliton model of polyacetylene to study theoretically the ground state and possible soliton excitations of a linearly conjugated diatomic polymer, 4A=B-)-, as function of the difference (2a = E.-E_) of the energy levels X AD of the atomic ir-orbitals of the two atomic constituents (A and B) of the unit cell. An example of such a polymer is polycarbonitrile, -fCH=Wf , or one of its several 5
x derivatives. We find that the lowest lying particle-like excitations of the dimerized polymer are pairs of either spin-zero or spin-one-half solitons with irrational charge values.
Our model polymer is defined by the Hamiltonian
describing a diatomic linear chain of N/2 (N-**) atoms of type A (odd sites, labelled by j) and N/2 atoms of type B (even sites, labelled by I) in which
denotes the lattice energy and
the hopping integrals for the transfer of a n-electron between neighbouring sites. 
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JOURNAL DE PHYSIQUE c h a i n o f l a t t i c e c o n s t a n t 2a. K denotes a harmonic s p r i n g constant, M1 and M2 t h e masses o f t h e A and B atoms, r e s p e c t i v e l y , to t h e hopping i n t e g r a l c h a r a c t e r i s t i c o f t h e u n i f o r m l y spaced c h a i n and y t h e d e r i v a t i v e o f t . w i t h r e s p e c t t o t h e ~+ l j i n t e r s i t e s e p a r a t i o n . The e l e c t r o n i c energy i s measured r e l a t i v e t o t h e t o t a l atomic o r b i t a l energy (N/2) (EA+EB) and i t i s assumed t h a t t h e r e i s one n -e l e c t r o n p e r atom.
I n t h e continuum l i m i t o f t h e H a m i l t o n i a n ( I ) , which p r o v i d e s an a c c u r a t e d e s c r i pt i o n o f t h e inho~nogeneous polymer f o r ( a o / 2 t o ) << 1, we f i n d t h a t t h e o n e -e l e c t r o n e i g e n s t a t e s en and t h e l o c a l d i m e r i z a t i o n gap ~( x ) a r e determined by t h e simul tane- and s = 1 (112) V -( 2 -V -) r e s p e c t i v e l y . An a n a l y s i s o f t h e p h a s e -s h i f t e d continuum s t a t e s y i e l d s f = 1-(21") tan-' ( A l e ) . Moreover, t h e energy r e q u i r e d t o e x c i t e an AB s o l i t o n p a i r , 2 E s (~+ , \~_ ) , may be computed from Eq. ( 5 ) w i t h t h e r e s u l t
t a t e s en = t Ek (kfO) t h a t a r e p h a s e -s h i f t e d i n t h e r e g i o n o f t h e s o l i t o n d i s t o r t i o n . The second s o l u t i o n , which we d e s i g n a t e B, i s a s s o c i a t e d w i t h a s i m i l a r spectrum o f p h a s e -s h i f t e d plane wave s t a t e s and a s i n g l e bound s t a t e eo = -a ( l y i n g p r e c i s e l y a t t h e atomic l e v e l B) w i t h wavefunct i o n Ao(x) = 0, Bo(x) = (25)'1/2 s e c h ( x / c ) . The i n t e r e s t i n g aspect o f these s o l u t i o n s i s t h a t t h e y l e a d t o l o c a l d e f i c i e n c i e s i n t h e continuum s t a t e s which d i f f e r from u n i t y by an i r r a t i o n a l f r a c t i o n f. The bound s t a t e co = -a, which l i e s c l o s e r t o t h e f i l l e d valence band than t h e empty c o n d u c t i o n band, removes (112) ( l + f ) o f a s t a t e per s p i n from t h e former band and (112) ( 1 -f ) o f a s t a t e p e r s p i n from the l a t t e r band. For t h e bound s t a t e so = a, t h e d e f i c i e n c i e s a r e i n t e rchanged. Two consequences immediately f o l l o w . F i r s t t h e s o l i t o n e x c i t a t i o n s must always occur i n t h e form o f p a i r s o f A and B s o l i t o n s which remove p r e c i s e l y two e l e c t r o n s from t h e f i l l e d valence band. Second, independently o f t h e occupation o f t h e bound s t a t e s , t h e s o l i t o n s w i l l always c a r r y a n e t i r r a t i o n a l charge. I f we denote t h e occupation o f t h e s t a t e E = a by V + and t h a t o f t h e s t a t e co
We n o t e t h a t 2E (0,2) and 2 E s ( l , l ) a r e always l e s s than t h e e l e c t r o n -h o l e p a i r t h e charges and e x c i t a t i o n enerqies o f t h e spin-0 and spin-112 s o l i t o n s (see t e x t ) .
We may conclude, t h e r e f o r e , t h a t the l o w e s t l y i n g charged e x c i t a t i o n s o f t h e d i m e r i i e d polymer a r e p a i r s o f spin-zero s o l i t o n s w i t h charge Qo = i $ ( 2 / n ) tan-'
(A/a) and e x c i t a t i o n energy 2E (0,2) = ( 4 / n ) (A-a t a n -' ( a / a ) ) , w h i l e t h e l o w e s t . + a and t h e d i f f e r e n c e i n t h e i r charges m i g h t a l s o l e a d t o separate v i b r a t i o n a l bands i n t h e i n f r a r e d .
